DEPOSITION METHOD OF A DIELECTRIC LAYER 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to a method for depositing a dielectric 

layer. More particularly, the present invention relates to a method for 
depositing a dielectric layer using a barrier layer, which prevents the 
oxidization and diffusion of the constituents of a lower electrode. 

2. Description of the Related Art 

[0002] A dielectric layer having a high dielectric constant is used as a buffer 

layer for forming a large gallium-arsenide (GaAs) substrate, a capacitor, and 
a gate insulating layer in a conventional memory device. In particular, the 
dielectric layer is mainly used in a capacitor in memory, such as a dynamic 
random access memory (DRAM). As memory has become highly 
integrated, a capacitor having high capacitance is required to form 
semiconductor devices within a limited area. 

[0003] A capacitor is formed of conductors facing each other and of a 

dielectric layer disposed therebetween to attain capacitance of a 
predetermined level. The capacitance of a capacitor is directly proportional 
to the effective area and the dielectric constant of the dielectric layer. The 
capacitance of a capacitor is inversely proportional to the thickness of the 
dielectric layer. Thus, when a capacitor is formed using a material having a 



high dielectric constant, the thickness of the capacitor is reduced, and an 
effective area is increased, capacitance of that capacitor increases. In 
order to increase the effective area of a capacitor in a memory device, such 
as a DRAM, the effective area of a dielectric layer deposited on a lower 
electrode is increased by forming the lower electrode vertically, i.e., having a 
reduced width and an increased height. 
[0004] FIG. 1 is a transmission electron microscope (TEM) photograph 

illustrating a multi-layer structure formed by depositing a strontium titanate 
(STO; SrTiOa) dielectric layer on a silicon (Si) substrate. In the case of 
depositing the STO dielectric layer on the Si substrate as shown in FIG. 1, 
the Si substrate is likely to be oxidized by oxygen introduced in an oxide 
layer deposition process so that a silicon dioxide (Si0 2 ) dielectric layer is 
formed on the Si substrate. In addition, amorphous Si02 causes disorder in 
a lattice arrangement of an initial STO dielectric layer. Furthermore, a 
portion of the Si substrate is diffused to the STO dielectric layer in a 
subsequent thermal process so that the crystalline STO dielectric layer is 
broken. Referring to FIG. 1 , a capacitor, in which the Si0 2 dielectric layer 
and the STO dielectric layer are sequentially arranged on the Si substrate, is 
formed in a structure where a capacitor formed of the STO dielectric layer 
and the capacitor formed of the Si0 2 dielectric layer are sequentially 
connected. Therefore, the capacitance of the capacitor is reduced and 
electric characteristics of the capacitor deteriorate. 
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[0005] 



In order to solve the above-problems, a method for depositing a 



dielectric layer after the formation of a metal electrode, such as ruthenium 
(Ru) or titanium nitride (TiN), on an Si substrate has been developed. 
FIG. 2 is a graph illustrating the relationship between the ratio of oxygen to 
the content of metal (0 2 /(Ti+AI+Ru+N)) and the activities of each metal in 
the case where an STO dielectric layer is deposited after TiN and Ru metal 
electrodes are deposited on an Si substrate. 
[0006] Referring to FIG. 2, the activity of Ru is high in an oxidation 

atmosphere for depositing a dielectric layer so that Ru is likely to be 
transformed into ruthenium oxide (RUO2), thus, a thermal process of high 
temperature cannot be performed on Ru. In addition, TiN located between 
Si and Ru is transformed into titanium oxide (Ti02) according to the following 
chemical formula 1 and the activity of TiN steadily drops. Thus, TiN is likely 
to be broken, and therefore, it is difficult to produce a vertical capacitor 
having a thickness of less than 70 nm using TiN. 



2TiN + 20 2 -> 2Ti0 2 + N 2 



[chemical formula 1] 



[0007] 



In addition, a capacitor formed in a memory device, such as a DRAM, 



stores a small number of charges so that information loss occurs due to 



even a weak leakage current. Therefore, a method for depositing a 



dielectric layer and preventing leakage current are required. 



SUMMARY OF THE INVENTION 
[0008] In an effort to solve the above and related problems, it is a feature of 

an embodiment of the present invention to provide a method for depositing a 
dielectric layer having a high dielectric constant and a low leakage current in 
order to prevent the generation of a low dielectric layer between a silicon 
layer and an adjacent dielectric layer. 
[0009] To provide the above and other features of an embodiment of the 

present invention, a method for depositing a dielectric layer having a multi- 
layer structure on a substrate includes forming a first oxidation barrier layer 
on a surface of a substrate; forming a first dielectric layer on the first 
oxidation barrier layer; forming a second oxidation barrier layer on the first 
dielectric layer; forming a plurality of additional dielectric layers on the 
second oxidation barrier layer, wherein each of the plurality of additional 
dielectric layers has one of a plurality of additional oxidation barrier layers 
disposed between itself and an adjacent additional dielectric layer. 
[0010] Preferably, each of the oxidation barrier layers is formed of a layer of 

a material selected from the group consisting of groups III, IV, and V metal 
electrodes and oxides thereof. The metal electrodes are preferably 
selected from the group consisting of aluminum (Al), tantalum (Ta), titanium 
(Ti), hafnium (Hf), and zirconium (Zr). The metal oxide is preferably 
selected from the group consisting of aluminum oxide (Al 2 0 3 ), tantalum 



oxide (TaO), titanium oxide (T1O2), hafnium oxide (HfOa), and zirconium 
oxide (Zr0 2 ). 

[001 1] Preferably, each of the oxidation barrier layers has a thickness of 

between about tens to hundreds A, and the thickness of each of the 
oxidation barrier layers is adjustable. 

[0012] Preferably, metal of the oxidation barrier layer is diffused into adjacent 

dielectric layers, and the metal is terminated by depositing the dielectric 
layer and performing a thermal process, i.e., after the metal chemically 
reacts with the atoms of the dielectric layer, none of the original metal 
compound remains because the chemical state of the metal component has 
changed. The thermal process is preferably performed at a temperature of 
lower than about 700°C. 

[001 3] It is preferable that each of the oxidation barrier layers is deposited by 

a chemical vapor deposition (CVD) method, and that each of the dielectric 
layers is deposited by an atomic layer deposition (ALD) method or a CVD 
method. 

[0014] Preferably, each of the dielectric layers is formed of a material 

selected from the group consisting of strontium titanate (STO), barium 
titanate (BTO), barium strontium titanate (BST), lead lanthanium titanate 
(PLT), lead tantalum zirconium (PLZ), and strontium bismuth tantalite (SBT). 

[0015] In the present invention, oxidation barrier layers are deposited 

between a substrate and a dielectric layer and between subsequently 



deposited dielectric layers to avoid the generation of a low dielectric layer, 
such as SiC>2, by preventing the oxidation of the silicon substrate and to 
attain a multi-layer structure having a high dielectric constant and low 
leakage current. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[001 6] The above features and advantages of the present invention will 

become more apparent to those of ordinary skill in the art by describing in 
detail preferred embodiments thereof with reference to the attached 
drawings in which: 

[0017] FIG. 1 is a transmission electron microscope (TEM) photograph 

illustrating a multi-layer structure formed by depositing strontium titanate 

(STO; SrTiOa) on a silicon (Si) substrate; 
[001 8] FIG. 2 is a graph illustrating activities of each material in the case 

where a dielectric layer is deposited using a conventional metal 

interconnection; 

[0019] FIGS. 3A through 3D illustrate sectional views of stages in a method 

for depositing a dielectric layer according to an embodiment of the present 
invention; 

[0020] FIG. 4A is a TEM photograph illustrating a multi-layer structure of 

STO/hafnium oxide (Hf0 2 )/STO before a method for depositing a dielectric 
layer according to an embodiment of the present invention is used; 
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[0021] FIG. 4B is a TEM photograph illustrating a multi-layer thin film 

structure transformed from the multi-layer structure of FIG. 4A by a thermal 
process performed at a temperature lower than about 700°C; 

[0022] FIG. 5 illustrates a sectional view of a DRAM structure having 

capacitors on which a dielectric layer is deposited by a method for depositing 
a dielectric layer according to an embodiment of the present invention; 

[0023] FIG. 6A illustrates an enlarged sectional view of portion A of FIG. 5; 

[0024] FIG. 6B illustrates an enlarged sectional view of portion B of FIG. 5; 

[0025] FIG. 7 is a graph illustrating changes in leakage current with respect 

to changes in voltage in a multi-layer structure of aluminum oxide (AIO)/STO 
deposited by a method for depositing a dielectric layer according to an 
embodiment of the present invention; and 

[0026] FIG. 8 is a graph illustrating changes in capacitance with respect to 

changes in thickness of AIO in a multi-layer structure of AIO/STO deposited 
by a method for depositing a dielectric layer according to an embodiment of 
the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0027] Korean Patent Application No. 2002-42763, filed July 20, 2002, and 

entitled: "Deposition Method of Dielectric Layer," is incorporated by 
reference herein in its entirety. 

[0028] A method for depositing a dielectric layer according to the present 

invention will now be described more fully hereinafter with reference to the 
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accompanying drawings, in which preferred embodiments of the invention 
are shown. The invention may, however, be embodied in different forms 
and should not be construed as limited to the embodiments set forth herein. 
Rather, these embodiments are provided so that this disclosure will be 
thorough and complete, and will fully convey the scope of the invention to 
those skilled in the art. In the drawings, the thickness of layers and regions 
are exaggerated for clarity. It will also be understood that when a layer is 
referred to as being "on" another layer or substrate, it can be directly on the 
other layer or substrate, or intervening layers may also be present. Further, 
it will be understood that when a layer is referred to as being "under" another 
layer, it can be directly under, and one or more intervening layers may also 
be present. In addition, it will also be understood that when a layer is 
referred to as being "between" two layers, it can be the only layer between 
the two layers, or one or more intervening layers may also be present. Like 
numbers refer to like elements throughout. 
[0029] FIGS. 3A through 3D illustrate sectional process views of stages in a 

method for depositing a dielectric layer according to an embodiment of the 
present invention. As shown in FIG. 3A, a first oxidation barrier layer 10a is 
deposited on a substrate 1 1 . Thereafter, a first dielectric layer 1 3 is 
deposited on the first oxidation barrier layer 1 0a, and a second oxidation 
barrier layer 1 0b is deposited on the first dielectric layer 1 3, as shown in 
FIG. 3B. Subsequently, a second dielectric layer 15 is deposited on the 
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second oxidation barrier layer 10b, and then a third oxidation barrier layer 
10c is deposited on the second dielectric layer 15 in the same manner as 
shown in FIG. 3C. As shown in FIG. 3D, a third dielectric layer 17 is 
deposited on the third oxidation barrier layer 10c to complete a multi-layer 
structure having a three-fold dielectric layer. 

[0030] A method for depositing a dielectric layer according to an embodiment 

of the present invention prevents oxidation by inserting an oxidation barrier 
layer between the substrate and a first dielectric layer, and between each 
subsequently deposited dielectric layer. Here, the first through third 
dielectric layers 13, 15, and 17 may be formed of the same material or 
different materials. Although three dielectric layers are formed in this 
embodiment of the present invention, additional layers may be formed. 

[0031] Each of the oxidation barrier layers 10a, 10b, 10c are preferably 

formed of a dielectric layer, such as a material selected from the group 
consisting of groups III, IV, and V metal electrodes and oxides thereof, which 
are more easily oxidized than the material used as the substrate 1 1 . 
Examples of the metal electrodes or oxides thereof include aluminum (Al), 
tantalum (Ta), titanium (Ti), hafnium (Hf), and zirconium (Zr) or aluminum 
oxide (Al 2 0 3 ), tantalum oxide (TaO), titanium oxide (TiOa), hafnium oxide 
(Hf0 2 ), and zirconium oxide (Zr0 2 ). Preferably, each of the oxidation 
barrier layers 10a, 10b, and 10c have a thickness of tens to hundreds of A, 
and preferably the thickness of each of the oxidation barrier layers 10a, 10b, 
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and 10c can be adjusted according to the structure of a device. Each of the 
oxidation barrier layers 10a, 10b, and 10c are preferably deposited by an 
atomic layer deposition (ALD) method. The ALD method is a thin film 
deposition technique using the chemical adsorption and desorption of an 
atomic layer. Here, each reactant material is separated and supplied to a 
chamber in a pulse type so that the reactant material is deposited on the 
substrate by the chemical adsorption and desorption according to the 
saturated surface reaction of the reactant material. 

[0032] The first through third dielectric layers 13, 15, and 17 are preferably 

formed of a dielectric material having a high dielectric constant K, for 
example, strontium titanate (STO; SrTi03), lead lanthanium titanate (PLT), 
barium titanate (BTO), barium strontium titanate (BST), lead tantalum 
zirconium (PLZ), and strontium bismuth tantalite (SBT). 

[0033] The dielectric layers 13, 15, and 17 may be deposited by an ALD 

method or a chemical vapor deposition (CVD) method. Here, the CVD 
method is a technique where vapor injected to a reactor chemically reacts on 
a substrate by energy, such as heat or plasma, to form a thin layer. The 
CVD method is able to obtain a crystalline layer or an amorphous layer 
having high purity and without defect at a relatively low temperature. In 
addition, the CVD method is able to form various types of thin layers and 
easily adjust stoichiometric composition. 
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[0034] A method for depositing a dielectric layer according to an embodiment 

of the present invention may further include a thermal process in a high 
temperature oxidation atmosphere after forming a multi-layer structure 
where additional dielectric layers have been deposited with an oxidation 
barrier layer between adjacent dielectric layers and between a dielectric 
layer and the substrate. Preferably, this thermal process is performed at a 
temperature of less than about 700 °C. If the thermal process is 
continuously performed, the metal atoms of the oxidation barrier layers 10a, 
10b, and 10c are diffused to adjacent dielectric layers 13, 15, or 17, and the 
diffused metal atoms are cooled and crystallized so that the lattice constant 
of the dielectric layers 13, 15, and 17 is changed. When the ion radius of 
the metal atoms of the oxidation barrier layers 10a, 10b, 10c is small, the 
lattice constant of the first through third dielectric layers 13, 15, and 17 is 
reduced. In the opposite case, the lattice constant of the dielectric layers 
13, 15, and 17 is increased. By way of example, the lattice constant a of 
the STO dielectric layer is 0.3905 nm when the method for depositing a 
dielectric layer according to an embodiment of the present invention is 
performed. However, when the Hf atoms are diffused after the thermal 
process, the lattice constant a of the STO dielectric layer increases to 
0.3923 nm. 

[0035] FIG. 4A is a TEM photograph illustrating a multi-layer structure of 

STO/HfCVSTO deposited by a method for depositing a dielectric layer 
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according to an embodiment of the present invention. FIG. 4B is a TEM 
photograph illustrating a multi-layer structure transformed from the multi- 
layer structure of FIG. 4A by a thermal process. 
[0036] Referring to FIG. 4A, a Hf0 2 layer is inserted between STO layers. 

When a thermal process is performed, the metal ions of the Hf0 2 layer are 
diffused to adjacent dielectric layers and terminated. Here, a distance 
between the STO dielectric layers is changed from 0.3905 nm to 0.3923 nm 
by the thermal process. In the case where a layer, such as gallium- 
arsenide (GaAs), is deposited on the STO layer, the changed crystalline 
layers may relieve stress due to incongruence of the lattice constant. Here, 
the structure of inserting an oxidation barrier layer onto an STO dielectric 
layer and depositing a GaAs layer may be used for manufacturing an optical 
recording medium. 

[0037] FIG. 5 illustrates a schematic view of a DRAM structure having two 

capacitors 30a and 30b having a dielectric layer 40 deposited by a method 
for depositing a dielectric layer according to an embodiment of the present 
invention. 

[0038] Referring to FIG. 5, the DRAM has two transistors 54a and 54b and 

two capacitors 30a and 30b. The transistors 54a and 54b are each formed 
of a source electrode S, a common drain electrode D, and a gate electrode 
57, where a word line 59 is arranged on the gate electrode 57 in a stripe 
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type, and a common bit line 58 is formed between each of the gate 
electrodes. 

[0039] More specifically, each of the source electrodes S and the common 

drain electrode D are formed on a surface of a substrate 31 to a 
predetermined depth and each of the gate electrodes 57 is disposed 
between a source electrode S and the common drain electrode D. 
Between the gate electrode 57 and the substrate 31 , a plurality of dielectric 
layers 53 and 55 as insulating layers and a plurality of oxidation barrier 
layers 51a and 51b are alternately stacked. Conductive plugs 35 are 
located to contact the source electrodes S in an insulating layer 33, and 
column shaped lower electrodes 37 are located on the conductive plugs 35. 
A multi-layer dielectric layer 40 is deposited on the lower electrodes 37, and 
an upper electrode 39 is deposited on the multi-layer dielectric layer 40. 

[0040] FIG. 6A illustrates an enlarged sectional view of portion A of FIG. 5 

that illustrates the multi-layer structure of the dielectric layer 40 of each of 
the capacitors 30a and 30b. A first oxidation barrier layer 41a is deposited 
on the lower electrode 37, and a first dielectric layer 43, a second oxidation 
barrier layer 41 b, and a second dielectric layer 45 are sequentially deposited 
to form the multi-layer dielectric layer 40. The upper electrode 39 is then 
deposited on the multi-layer dielectric layer 40 to complete a capacitor. 

[0041] FIG. 6B illustrates an enlarged sectional view of portion B of FIG. 5 

that illustrates the structure of each of the transistors 54a and 54b. A word 
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line 59 is located between source and drain electrodes S and D, and a gate 
electrode 57 is formed beneath the word line 59. A first oxidation barrier 
layer 51a, a first dielectric layer 53, a second oxidation barrier layer 51b, and 
a second dielectric layer 55 are sequentially deposited between the gate 
electrode 57 and the substrate 31 to form a multi-layer structure 50. 

[0042] The capacitor having a multi-layer dielectric layer where oxidation 

barrier layers 51a and 51 b and dielectric layers 53 and 55 are alternately 
formed reduces leakage current and increases capacitance. 

[0043] FIG. 7 is a graph illustrating changes in leakage current with respect 

to changes in voltage when an oxidation barrier layer of AIO and a dielectric 
layer of STO are deposited by a method for depositing a dielectric layer 
according to an embodiment of the present invention. 

[0044] Referring to FIG. 7, if the thickness of the STO dielectric layer is kept 

constant at 22.5 nm, the thickness of the oxidation barrier layer of AIO is 
varied between 1 , 2, 3, and 5 nm, a voltage range is from - 4 to 3 V, and the 
leakage current is less than 10' 7 A/cm 2 , i.e., a reference leakage current. 
Since the leakage current is almost equal to a minimum leakage current 
value according to changes in voltage of the oxidation barrier layer of AIO, 
the leakage current is considerably reduced. 

[0045] FIG. 8 is a graph illustrating changes in capacitance with respect to 

changes in AIO when an oxidation barrier layer of AIO and a dielectric layer 
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of STO are deposited by a method for depositing a dielectric layer according 
to an embodiment of the present invention. 
[0046] Referring to FIG. 8, the x-axis denotes changes in the thickness of 

AIO and the y-axis denotes changes in capacitance, which is converted into 
a corresponding thickness of S1O2. When the Si0 2 is established to a 
thickness of 20 A as the thickness of a reference capacitance, the converted 
thickness of a multi-layer structure is less than the thickness of the reference 
capacitance when the thickness of AIO is less than 2 nm. As a result, the 
capacitance becomes larger than the reference capacitance, because 
capacitance C is inversely proportional to thickness d as shown in 
Equation 1 . 

c=*4 < 1 > 

a 

wherein s denotes a dielectric constant and A denotes the area of a 
capacitor. 

[0047] A multi-layer structure deposited using a method for depositing a 

dielectric layer according to an embodiment of the present invention results 
in low leakage current and high capacitance. Thus, the multi-layer structure 
according to the present invention may be used in various electronic devices 
and optical devices, such as a memory device requiring high performance or 
an optical recording medium. 
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[0048] The method for depositing a dielectric layer according to the present 

invention has the advantages of obtaining a capacitor and a gate insulating 
layer having low leakage current and high capacitance by controlling the 
lattice constant of a dielectric layer and manufacturing a substrate, such as a 
large GaAs substrate, by controlling the surface distance between crystals. 

[0049] Preferred embodiments of the present invention have been disclosed 

herein and, although specific terms are employed, they are used and are to 
be interpreted in a generic and descriptive sense only and not for purpose of 
limitation. Accordingly, it will be understood by those of ordinary skill in the 
art that various changes in form and details may be made without departing 
from the spirit and scope of the present invention as set forth in the following 
claims. 



